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Abstract
This case-control study evaluated interventions for bronchiolitis in relation to time in the pediatric intensive care unit (PICU)
during a 16-year surveillance period. Together, 105 infants aged < 12 months were treated for bronchiolitis in the PICU, and for
them, we selected 210 controls admitted for bronchiolitis closest to cases. We collected data on treatments in the PICU, at the
ward and in the emergency department for three periods: years 2000–2005, 2006–2010, and 2011–2015. Median hospital length
of stay for PICU patients were 7 days (interquartile range 5–12), 5 days (4–8) and 8 days (4–12.5, p = 0.127), respectively. By
time, the use of inhaled beta-agonist (68 vs. 44 vs. 38%, p = 0.019) and systemic corticosteroids (29 vs. 15 vs. 5%, p = 0.019)
decreased, but that of racemic adrenaline (59 vs. 78 vs. 84%, p = 0.035) and hypertonic saline (0 vs. 0 vs. 54%, p < 0.001)
inhalations increased in the PICU. Similar changes were seen at the ward. In the PICU, non-invasive ventilation therapies
increased significantly, but intubation rates did not decline.

Conclusion: Beta-agonists and systemic corticosteroids were used less by time in intensive care for infant bronchiolitis, but the
use of hypertonic saline and racemic adrenaline increased, though their effectiveness has been questioned.

What is Known:
• Until now, studies have shown which treatments do not work in bronchiolitis, and so, there is no consensus how infants with bronchiolitis should be

treated. In particular, there is no consensus on different interventions in intensive care for bronchiolitis.

What is New:
• During 2000–2015, treatments with inhaled beta-agonists and systemic corticosteroids decreased but treatments with racemic adrenaline and

hypertonic saline inhalations increased in intensive care for bronchiolitis. Similar changes were seen at the ward. Though non-invasive ventilation
therapies increased, the intubation rate did not decline.
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Abbreviations
ED Emergency department
HFNC High-flow nasal cannula
IQR Interquartile range
nCPAP Nasal continuous positive airway pressure
NIV Non-invasive ventilation
PICU Pediatric intensive care unit

Introduction

Bronchiolitis is the most common infectious cause of hospital-
ization among infants. Nonetheless, there is no universally ac-
cepted definition for acute bronchiolitis and no wide consensus
how infants with bronchiolitis should be treated. The evidence
for interventions such as inhalation of normal or hypertonic
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saline, inhalation of bronchodilators like adrenaline or
salbutamol, inhalation of anticholinergics, inhaled or systemic
steroids, or systemic theophylline or magnesium sulfate has
been minor or absent [10, 12, 15, 23, 25]. Thus, the manage-
ment of bronchiolitis is mostly supportive, by providing sup-
plementary fluids and oxygen when needed [36]. About 3% of
hospitalized infants with bronchiolitis seem to need respiratory
support [18]. The few studies on critical care of bronchiolitis
have focused on the use of surfactant, ribavirin, corticosteroids,
and respiratory syncytial virus-specific monoclonal antibodies
[6] or management of acute respiratory failure with non-
invasive ventilation (NIV) or with invasive ventilation needing
intubation [3, 7, 20]. However, research-based evidence still
lacks for the effectiveness of all these interventions.

During the past decades, several countries have published
guidelines on management of bronchiolitis, but none of these
were focusing on critically ill infants [1, 2, 14, 31, 42, 45].
Despite the guidelines, the use of unnecessary interventions in
bronchiolitis treatment is frequent [13, 21, 24–26, 32], and the
impact of these guidelines to clinical practice remains contro-
versial [21]. Only a few recent studies have focused on the use
of drug therapy in intensive care for bronchiolitis [9, 33, 37].

We have recently published our data on characteristics,
costs, and risk factors of infant bronchiolitis requiring hospital-
ization during a surveillance period of 16 years from 2000 to
2015 [19, 28]. The aim of this study is to evaluate the use of
different interventions in the pediatric intensive care unit
(PICU) and the change in them over time. A special focus
was paid on the connection of the changes with the time-point
when the American Academy of Pediatrics (AAP) guideline on
management of bronchiolitis was published in 2006 [1, 19, 28].

Material and methods

This is a retrospective review of the electronic patient files of
the Tampere University Hospital, Tampere, Finland, for the
years 2000–2012 [19], supplemented with an identical collec-
tion of the data for the years 2013–2015 [28]. The study was
carried out with the permission of the Chief Physician of the
University Hospital.

In short, patients treated with ICD-10 diagnoses J10*-18*,
J20*-22*, J45*, or J46* in the PICU at the age less than
12 months were identified by one of the authors (PH).
Altogether, 179 such patients were found, and after careful
reviewing of the patient files, 57 patients did not have bronchi-
olitis and they were excluded. Finally, 105 infants had bronchi-
olitis as the main diagnosis, or the treatment of bronchiolitis
was the primary reason for intensive care. We defined bronchi-
olitis as the first episode of expiratory breathing difficulty as-
sociated with lower respiratory tract infection with or without
audible wheezing. Among 105 infants treated in the PICU, 34
infants were admitted from the pediatric ward, 71 were

admitted directly from the emergency department (ED), and
22 infants were transferred from surrounding hospitals. The
criteria for admission to the PICUwere the same for the patients
despite of admission site and time: exhaustion, hypercapnia, or
recurrent apnea. For each of these 105 infants treated for bron-
chiolitis in the PICU, two controls were selected: those who
were admitted to the ED for bronchiolitis (ICD-10 codes J21*)
just before and just next after the case, being treated as inpa-
tients at the ward (n = 146) or as outpatients in the ED (n = 64).

The hospital recordings of all the 315 patients were
reviewed, and the same structural form to collect medical data
was completed [19]. Data on medical histories and interven-
tions were collected; such as oxygen support, using either stan-
dard low-flow nasal administration or high-flow nasal cannula
(HFNC) treatment, oral or intravenous fluid support, normal or
hypertonic saline inhalations, inhaled adrenaline, salbutamol or
anticholinergics, and systemic corticosteroids, theophylline, or
magnesium sulfate, each separately for treatments in the PICU,
at the ward and in the ED. In addition, data was collected
whether chest radiographs were taken and antibiotics were
used. In the case of PICU patients, the use of nasal continuous
positive airway pressure (nCPAP) and intubation was recorded
if given. HFNC and nCPAP were considered as NIVand intu-
bation was considered as invasive ventilation. Length of stay
(LOS) in the PICU and in the hospital was recorded in days.

We split the data into three groups: years 2000–2005, 2006–
2010, and 2011–2015. The first 6-year time period represents
the era before, and the second and third 5-year time periods after
publishing of the AAP bronchiolitis guideline in 2006 [1].

Statistics

SPSS 23 software (SPSS Inc., Chicago, IL, USA) was used to
analyze the data. Mann-Whitney U test or Kruskal-Wallis test
was used for non-normally distributed continuous data, and
the results are expressed as medians with interquartile ranges
(IQR). The t test was used for normally distributed continuous
data, and the results are expressed as means with 95% confi-
dential intervals (95% CI). Chi square test or Fisher’s exact
test when appropriate was used for categorized data, and the
results are expressed as numbers and percentages. The two-
sided p value below 0.05 was considered statistically signifi-
cant. Bonferroni correction by multiplying p value with two
was used in paired comparisons within the three groups.

Results

Basic data

During the three surveillance periods, 105 infants aged <
12 months were treated in the PICU: 41 in 2000–2005, 27 in
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2006–2010, and 37 in 2011–2015 (Table 1). Characteristics of
those 146 infants treated at the ward or in the ED are presented
in the Supplementary Table 1. Infants treated in the PICU
were younger than infants treated at the ward or in the ED;
the figures were 1.7 months (IQR 0.9–3.5), 3.3 months (2.0–
5.6), and 5.4 months (3.8–7.3) (p < 0.001), respectively.
Instead, the median ages of PICU patients did not change by
the time (p 0.961, Table 1). Additionally, PICU patients had a
longer median length of stay (LOS) in hospital than those who
were treated at the ward (PICU 6 days, IQR 4–12, vs. ward
2 days, IQR 1–4, p < 0.001) and the LOS of PICU patients
remained constant during the 16-year study period (p 0.127,
Table 1). Median LOS in the PICU was 3 days in the 105
patients treated in the PICU and did not change by the time
(p 0.244, Table 1).

Supportive therapy

During the three surveillance periods, the need of supplemen-
tary oxygen remained stable in the PICU (85 vs. 96 vs. 81%,
Table 2), at the ward (20 vs. 17 vs. 26%), and in the ED (2 vs.
2 vs. 0%, Supplementary Tables 2 and 3). Nearly 90% of
infants treated in the PICU needed supplementary fluids, and
the nasogastric tube and intravenous hydration were used
equally often (Table 2).

Drug therapy

Over 80% of infants were treated with inhaled bronchodilators
in the PICU (Table 2). The use of salbutamol decreased by the
time (68 vs. 44 vs. 38%, p 0.019), and the use of racemic
adrenaline increased by the time (59 vs. 78 vs. 84%, p
0.035). Hypertonic saline inhalations were not used during
2000–2010. Hypertonic (3%) saline inhalation therapy was
introduced in 2013 and was given to half of the infants treated
in the PICU between 2011 and 2015. Similar changes in the
use of bronchodilator and saline inhalations were seen at the
ward and in the ED (Supplementary Tables 2 and 3).

During 2011–2015, less than 5% of infants were treated with
systemic corticosteroids in the PICU (Table 2). The use of cor-
ticosteroids decreased during the three study periods not only in
the PICU (p 0.019, Table 2) but also at the ward and in the ED

(Supplementary Tables 2 and 3). Inhaled corticosteroids were
not given to any of the patients during hospitalization.

Chest radiograph and antibiotics

Chest radiographwas obtained from over 60% of infants treat-
ed in the PICU (Table 2), but the respective figure was only
less than 10% at the ward and in the ED (Supplementary
Tables 2 and 3). A third of infants treated in the PICU received
antibiotics during 2000–2005, and thereafter, the use of anti-
biotics first decreased and then increased (Table 2). Instead,
the use of antibiotics declined constantly at the ward
(Supplementary Table 2).

Respiratory support

The use of non-invasive respiratory support, such as HFNC
and nCPAP, increased during 2000–2015; however, the need
of invasive ventilation remained constant (Table 2). HFNC
therapy was introduced in autumn 2011, and thereafter, 70%
of PICU patients were treated with HFNC. Fourteen infants
received HFNC as primary respiratory support, and it was not
successful in six (43%): five infants were treated with nCPAP
and one needed intubation (Fig. 1). Correspondingly, 24
(23%) infants were treated with nCPAP as primary respiratory
support, and it was not successful in five (21%) and they were
intubated (Fig. 1). Fifteen infants were treated primary with
invasive ventilation (Fig. 1). Thus, altogether, 21 (20%) bron-
chiolitis patients treated in the PICU needed invasive ventila-
tion with the median duration of 4.5 days (IQR 3–7.75). In
them, the median LOS in the PICU was 6 days (IQR 4–10)
and in the hospital 12 days (6–16.5). In other infants treated
for bronchiolitis in the PICU, the respective figures were
5 days (IQR 3–8) and 8 days (5–12.75) if respiratory support
was given with NIV, and 2 days (IQR 1–3) and 5 days (3.25–
7) if no respiratory support was needed.

Discussion

The current case-control study on management of critically ill
infants with bronchiolitis has four main findings. First, the use

Table 1 Characteristics of 105
infants treated in the pediatric
intensive care unit during
2000–2015

Years 2000–2005,
N = 41 (%)

Years 2006–2010,
N = 27 (%)

Years 2011–2015,
N = 37 (%)

p value

Age, months, median, (IQR) 1.8 (0.9–1.8) 1.7 (0.9–1.7) 1.6 (0.8–3.2) 0.961

Sex (male) 23 (56) 15 (56) 21 (57) 0.995

LOS (PICU) days, median (IQR) 3 (1–6.5) 2 (1–5) 4 (2–7.5) 0.244

LOS (hospital) days, median (IQR) 7 (5–12) 5 (4–8) 8 (4–12.5) 0.127

LOS (PICU) length of stay in the pediatric intensive care unit, LOS (hospital) length of stay in hospital, IQR
interquartile range (25th–75th percentile)
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of many treatments with unproven effectiveness such as in-
haled beta-agonists or systemic corticosteroids decreased in
the PICU during 2000–2015, but at the same time, the use
of racemic adrenaline and hypertonic saline inhalations in-
creased. The changes at the ward were rather similar.
Second, the use of non-invasive ventilation increased,
but despite of this, the need of intubation did not de-
cline. Third, the changes in the interventions took place
in line with the published guidelines. The increase in

the use of racemic adrenalin and hypertonic saline inhalations
reflected the literature of that time, though currently their ef-
fectiveness is questioned and their use is not anymore recom-
mended [5, 17]. Fourth, the changes had no significant influ-
ence on the LOS in hospital.

The AAP recommended in 2006 not to use routinely bron-
chodilators, but justified the clinical trial with bronchodilators
and preferred the use of racemic adrenaline instead of beta-
agonist inhalations [1]. The recommendation was based on

Table 2 Management of 105 infants with bronchiolitis in the pediatric intensive care unit presented separately for three time periods during 2000–2015

Treatment Years 2000–2005,
N = 41 (%)

Years 2006–2010,
N = 27 (%)

Years 2011–2015,
N = 37 (%)

p value p value 2000–2005
vs. 2006–2010a

p value 2006–2010
vs. 2011–2015a

Oxygen support 35 (85) 26 (96) 30 (81) 0.199 0.294 0.138

Fluid support (p.o.) 25 (61) 17 (63) 26 (70) 0.674 1.0 1.0

Fluid support (i.v.) 24 (59) 21 (78) 29 (78) 0.100 0.202 1.0

Inhaled saline 2 (5) 6 (22) 21 (57) < 0.001 0.060 0.012

0.9% 2 (5) 6 (22) 2/18 (11) 0.092 0.060 0.680

3% 0/39 (0) 0/21 19/35 (54) < 0.001 – < 0.001

Inhaled bronchodilators 34 (83) 23 (85) 34 (92) 0.491 1.0 0.792

Adrenaline 24 (59) 21 (78) 31 (84) 0.035 0.202 1.0

Salbutamol 28 (68) 12 (44) 14 (38) 0.019 0.102 1.0

Anticholinergic 6 (15) 2 (7) 0 (0) 0.052 0.730 0.18

Theophylline 4 (10) 1/26 (4) 3 (8) 0.648 0.698 0.944

Systemic steroids 12 (29) 4 (15) 2 (5) 0.019 0.338 0.404

Antibiotics 14 (34) 5 (19) 16 (43) 0.116 0.320 0.074

Chest radiograph 26 (63) 20 (74) 24 (65) 0.633 0.716 0.864

HFNC 0 1 (4) 26 (70) < 0.001 0.430 < 0.001

nCPAP 5 (12) 12 (44) 21 (57) < 0.001 0.006 0.660

Intubation 7 (17) 7 (26) 7 (19) 0.657 1.0 1.0

a Bonferroni correction by multiplying p value with two

HFNC high-flow nasal cannula, nCPAP nasal continuous positive airway pressure

PICU n=105

Respiratory
support n=53

PrimaryHFNC 
n=14

Success n=8 Failure n=6

nCPAP n=6

Failure n=1

Intuba�on n=1

Success n=5

Primary  nCPAP
n=24

Success n=19 Failure n=5

Intuba�on n=5

Primary
intuba�on n=15

Tranferred from
surrounding
hospital n=7

Fig. 1 Respiratory support of
infants with bronchiolitis
admitted to the PICU
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meta-analyses on bronchodilators in bronchiolitis, which were
not able to confirm any beneficial effects on hospitalization
rates or the LOS in hospital [15, 17]. However, based on
clinical experience in some bronchiolitis patients, most guide-
lines included a recommendation that bronchodilators can be
tried but continued only if beneficial in the patient in question
[1, 2, 31, 42]. A large randomized controlled trial published in
2009 on the combined use of racemic adrenaline with dexa-
methasone in the outpatient clinic found a decline in the hos-
pitalization rate [34]. Since the impact of adrenaline remains
controversial, some guidelines still recommend the use of
adrenaline as rescue therapy for selected cases [14, 45]. The
use of bronchodilators was high in the current study, which is
against the current Finnish guideline on treatment of bronchi-
olitis published in 2014 [42]. Earlier, there were no national
guideline available, but the published studies, meta-analyses,
and AAP guideline concluded that salbutamol is not useful in
bronchiolitis [15]. It seems that the decrease in the use of
salbutamol inhalations in the current study led to an increase
in the use of racemic adrenaline inhalations. Accordingly, in-
haled adrenaline was reported to be the first-line drug in both
Finnish and Swedish hospitals in 2011: racemic adrenaline in
Finland and levo-adrenaline in Sweden [27]. Other studies
reported that the use of bronchodilators in the PICU ranged
60–73% [33, 37]. In a recent study from Finland covering the
years 2009–2011, treatment of bronchiolitis varied a lot be-
tween three university children’s hospitals, the main differ-
ences being particularly in the use of bronchodilators [8].

Meta-analyses published since 2009 showed that cortico-
steroids do not reduce hospitalization rates in the ED or the
LOS in hospital [12]. However, a significant decline in hospi-
tal admissions was detected in one large randomized control
trial (RCT) which combined inhaled adrenaline and high-dose
corticosteroids for bronchiolitis treatment [34]. Currently,
none of the guidelines recommend the use of corticosteroids
either systemically or as inhaled [2, 31, 36, 42, 45]. Despite
this, the use of corticosteroids continues, though less actively
than earlier [13, 26, 32, 35]. In addition, corticosteroids have
no substantial effect on the duration of mechanical ventilation
[6, 46]. Recently, the use of corticosteroids was reported to be
33% in bronchiolitis patients treated in the PICU [33], and 16–
18% in those treated at the ward or in the outpatient clinic [13,
26]. In the present study, the use of corticosteroids was rare, in
the PICU less than 5%, and deceased significantly from 2000
to 2015.

The Cochrane systematic review on hypertonic saline in
bronchiolitis concluded in 2013 that hypertonic saline might
shorten the LOS in hospital [47]. The 16 studies included in
the meta-analysis showed significant heterogeneity, which
makes the evidence of the reduced LOS in hospital less strong
[25]. Furthermore, the four largest and most recent studies [11,
39, 40, 43] included in the meta-analysis did not find any LOS
reduction [25]. The use of saline inhalations has not been

studied in critically ill bronchiolitis patients, and the useful-
ness and indications of hypertonic saline inhalations are still
open. At the moment, the evidence is not supporting a routine
use on hypertonic saline inhalation. In the present study, over
50% of hospitalized bronchiolitis patients received inhaled
hypertonic saline since 2011, at the time when product was
available.

An early use of NIV may decrease the need of invasive
ventilation [7]. NIV such as nCPAP and HFNC is widely used
for severe bronchiolitis both at the wards and in the PICU [4,
16, 18, 41], even though the evidence beyond these therapies
in infant bronchiolitis is still scant [3, 20]. Until now, the
studies on HFNC have been observational, and currently,
there are two RCTs and both of them were published this year
[22, 30]. HFNCwas compared to standard oxygen delivery in
202 children who needed supplementary oxygen for moderate
bronchiolitis at less than 24 months of age [22]. There was no
significant difference between the groups in the primary out-
come that was weaning off oxygen. However, treatment fail-
ures were more common in standard oxygen delivery group
than in the HFNC group [22]. Another RCT compared HFNC
with nCPAP in 142 infants with severe bronchiolitis at less
than 6 months of age and reported more treatment failures in
the HFNC group [30]. No serious events such as air leaks,
bleeding, or deaths occurred in either of these two studies
[22, 30]. Only two RCTs have been conducted on nCPAP
[29, 44], and both found some improvement in clinical signs
of respiratory distress, nevertheless no decline in intubation
rates, LOS in the PICU, or mortality. Even though the studies
have not confirmed the effectiveness of HFNC or nCPAP in
bronchiolitis, their use has increased dramatically [38]. In the
present study, the use of NIV increased by the time, but the
need of intubation and invasive ventilation did not decline.
During the recent decade, the admissions to the PICU have
increased, maybe due to increased use of NIV [38]. As pub-
lished recently, HFNC therapy can be given at the ward, but
the use of nCPAP in infants with bronchiolitis requires the
PICU or corresponding facilities [41].

An overuse of diagnostic tests, such as radiological and
laboratory examinations, and medications as well, has been
reported in both outpatient and inpatient settings [21, 32]. A
recent observational care study on the PICU treatment in two
countries and sites suggests, though with a small number of
patients, that even concerning invasive ventilation, less use of
laboratory test and chest radiographs did not lead to worse
outcomes [9]. In the present study, chest radiographs were
taken from 63 to 74% of infants admitted to the PICU due to
bronchiolitis, but, in the ED and at the ward, they were on-
ly taken from 10%. In the USA, the number after launching of
the AAP bronchiolitis guideline have been less than 50% in
infants hospitalized for bronchiolitis [35], but as high as 87%
in those admitted to the PICU [33]. A recent prospective mul-
ticenter cohort study from Finland compared three tertiary
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hospitals and found that chest radiographs were obtained in
15–95% of bronchiolitis patients [8]. Severe bronchiolitis has
been associated complication such as ventilator-associated
bacterial pneumonia [9] and the use of antibiotics has been
frequent [4]. In our study, the use of antibiotics decreased
among infants treated at the ward during 2000–2015, but the
use fluctuated between 19 and 34% in those treated in the
PICU and their use was not associated with invasive
ventilation.

This 16-year-long surveillance with carefully, though ret-
rospectively, collected data gives an overview how the man-
agement of severe bronchiolitis has been changed in relation
to time. The study demonstrates that pediatric literature and
evidence-based guidelines, probably both together, have influ-
enced management strategies, even though the changes are
slow. Still, obvious over-testing and over-treatment exist.
This is a retrospective one-center study, and although long-
term, the numbers of patients are rather small. This is not a
register study but all patient files of the included bronchiolitis
cases were separately reviewed for this study. Due the retro-
spective design and small number of patients, the results must
be interpreted cautiously, and their generalization to other
populations and health care systems needs carefulness.

In conclusion, beta-agonists and systemic corticosteroids
were used less by time in intensive care for infant bronchiol-
itis, but the use of hypertonic saline and racemic adrenalin
increased, though their effectiveness has been questioned.
Still, we know a lot how severe bronchiolitis should not be
treated, but less how it should be treated.
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